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Measles virus (MV) suppresses specific functions in cells of the immune system and causes a generalized immunosuppres-
sion by mechanisms which remain undefined. It has been previously established that mitogen-induced proliferation of
peripheral blood mononuclear cells (PBMC) is suppressed by infection with MV. Our current study demonstrates that MV
infection inhibits antigen-specific proliferation of T lymphocytes. The inhibition of proliferation was not due to a decrease
in IL-2 production. IL-2 production in cultures of infected and uninfected antigen-specific T cells was similar. In contrast,
we found that expression of the IL-2Ra subunit was decreased in mitogen-stimulated, MV-infected PBMC and antigen-
stimulated, MV-infected T lymphocytes compared to stimulated but noninfected T cells. However, the expression of the IL-
2Rb subunit was not altered in MV-infected T cells. We also examined the influence of MV infection on the production of
the cytokines IL-4, IL-6, IL-10, and IFN-g by T lymphocytes. By comparing infected versus uninfected antigen-specific T cell
lines, we found that MV infection of antigen-specific activated T cells caused no substantial change in generation of IFN-
g, IL-6, or IL-10. There was a 50% reduction in IL-4 generation following MV infection. These data indicate that the
immunosuppression by acute MV infection is not associated with a generalized inhibition of cytokine production. One
mechanism for the suppression of proliferation following acute MV infection may be a block in the expression of the IL-
2Ra subunit by activated T cells. q 1997 Academic Press
INTRODUCTION (1988) determined that in these whole PBMC populations
which were stimulated by mitogen, IL-2 production was
Though measles virus (MV) was the first virus reported not altered by MV infection. McChesney et al. (1988) also
to cause immunosuppression, the mechanism of this ef- reported that multiple cell surface antigens, including the
fect has not been defined. Suppression of the cell-medi- a subunit of the IL-2 receptor (IL-2Ra), were not de-
ated immune response by MV has been recognized since creased on MV-infected T lymphocytes stimulated with
1908, when von Pirquet (1908) reported that children who mitogen. More recently, Yanagi et al. (1992) examined
were positive by skin test for tuberculin antigen lost the MV-infected PBMC for the presence of IL-2Ra and IL-2
ability to mount this response during the course of an mRNAs, as well as other cell activation markers, and
acute MV infection. Subsequently, it was observed that demonstrated that the quantity of message was un-
MV infection could induce remissions in patients with changed compared to uninfected controls. These earlier
the autoimmune disease lipoid nephrosis, and MV was results have been obtained through MV infection of mito-
used as an immunosuppressive therapy for this condition gen-stimulated cultured PBMC in vitro.
in the 1940s (Blumberg and Cassady, 1947). While many Griffin and Ward (1993) have studied PBMC isolated
investigators have studied the immunosuppressive ef- from patients recovering from MV infection. When these
fects mediated by MV, the molecular mechanism of this PBMC, infected in vivo, were stimulated with anti-CD3,
virus–host interaction remains unknown. levels of IL-2 produced were lower than in uninfected
A well-studied effect of MV is its ability to block mito- controls. An unavoidable limitation of such clinical stud-
gen-induced proliferation in cell populations such as pe- ies is the rapid clearance of the virus from the host that
ripheral blood mononuclear cells (PBMC) (Sullivan et al., occurs at the time of, or soon after, the appearance of
1975; Galama et al., 1980; McChesney and Oldstone, the characteristic measles rash. Thus to understand the
1987). Borysiewicz et al. (1985) and McChesney et al. immediate or direct effects of the virus infection on lym-
phocytes, it is useful to acutely infect human PBMC in
vitro and to study this response to MV infection as a1 Present address: Bowman Gray School of Medicine, Medical Cen-
model for in vivo infections. Therefore, the role of IL-2 inter Boulevard, Winston-Salem, North Carolina 27157.
MV-induced immunosuppression can be explored. We2 To whom correspondence and reprint requests should be ad-
dressed. Fax: (801) 585-3311. E-mail: rfujinami@msscc.utah.med.edu. have examined this question by studying the effects of
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MV on IL-2 production and IL-2R expression in antigen- Parallel cultures, from which supernatant fluids were col-
lected, were harvested at various time periods as indi-specific T cell lines.
A reduction in immunologic responsiveness in vitro, cated. Samples were stored at 0707 until the time of
cytokine assay.as reflected by a reduction of proliferation due to measles
infection, might occur by a number of mechanisms. Acti-
Infectionvation of lymphocytes results in the generation of a cas-
cade of lymphokines and corresponding receptors. Some Cells to be infected with MV were incubated with the
cytokines are critical for proliferation while others may Edmonston strain (American Type Culture Collection,
inhibit growth in some situations. Thus, we assessed the Rockville, MD) at a multiplicity of infection (m.o.i.) of 3 at
production of a number of lymphokines, comparing T 377 for 1 hr (Fujinami et al., 1984). In some experiments,
cells that were infected with MV to T cells that were not the wild-type Chicago 2 strain of MV was used. This was
infected. For these investigations we used both antigen- kindly provided by Dr. William Bellini at the CDC. Cells
specific, CD4/ T cell lines and in some instances bulk were washed three times, resuspended in RPMI 1640
PBMC. IL-2 receptor expression was also examined containing 10% FCS, and incubated overnight at 377. Via-
since the IL-2/IL-2R interactions are among the most criti- bility of cells in parallel infected and uninfected cultures
cal for supporting lymphocyte proliferation. was confirmed by trypan blue exclusion, prior to stimula-
tion and at various intervals throughout the experimental
MATERIALS AND METHODS period.
Antigen-specific T cell lines
Cytokine assays
PBMC were freshly isolated from healthy volunteers
Samples were collected as described above. IL-2 lev-
using Histopaque-1066 (Sigma, St. Louis, MO). Antigen-
els were determined using ELISA kits from Immunotech
specific T cell lines were isolated as previously de-
(Westbrook, ME). IFN-g levels were determined using
scribed (Burns et al., 1983). Briefly, T cell lines were
ELISA kits purchased from Genzyme (Cambridge, MA).
isolated by culturing fresh PBMC (105/microwell) with
IL-4 was determined using the Quantikine kit (R&D Sys-
specific antigen in 96-well plates. At 7 to 14 days, these
tems, Minneapolis, MN) or ELISA kits from Immunotech
primary cultures were inspected and proliferating wells
(Westbrook, ME). IL-10 was determined with the use of
were harvested and restimulated with the initial antigen
antibodies and reagents from Pharmingen (San Diego,
using irradiated autologous PBMC as antigen presenting
CA) as per the manufacturer’s protocol.
cells (APC). Cultures that showed antigen-specific prolif-
eration were maintained with the addition of recombinant Flow cytometry
human IL-2, 20 U/ml (Chiron, Emeryville, CA) every 3
For assessment of IL-2Ra and IL-2b expression, FITC-days. Antigen-specific proliferation was assessed by
conjugated anti-CD25 and anti-p75a were purchased[3H]thymidine incorporation (0.5 mCi/well) in response to
from Becton Dickinson (Mountain View, CA). Cells to bestimulation with antigen. Cultured lines were CD4/ as
studied were incubated for 45 min at 47 with anti-CD25determined by flow cytometry. Specific antigens included
and anti-p75a followed by three washes. The cells weremyelin basic protein (MBP), tetanus toxoid (Connaught
fixed by resuspension in 1% paraformaldehyde and keptLaboratories Inc., Swiftwater, PA), and purified protein
at 47 until studied. Dual-color flow cytometric analysisderivative (PPD) (Serum Institut, Copenhagen, Denmark).
was performed on the Becton Dickinson FACScan flow
cytometer.Proliferation assays and supernatant fluids
PBMC were cultured in triplicate microwells at a con- RESULTS
centration of 1 1 105 to 2 1 105 cells in 200 ml RPMI
with 10% fetal calf serum (FCS) (Gibco/BRL, Grand Island, Our initial experiments confirmed that MV suppresses
mitogen-induced proliferation of PBMC as shown in Fig.NY). The PBMC were stimulated with phytohemaglutinin
(PHA) at 10 mg/ml to assess the proliferative response 1. In the experiment shown, the PHA-induced prolifera-
tion of MV-infected PBMC was reduced by about 80%.to mitogen. Antigen-specific T lymphocytes were cultured
in triplicate with 3 1 104 to 5 1 104 cells/well with irradi- This inhibition of PHA-induced proliferation is similar to
that reported by previous investigators. In addition, stud-ated (4000 to 6000 Rad) autologous APC that were either
Epstein–Barr virus transformed B cells (EBV-B) (3 1 104 ies of cytokine generation were performed using poly-
clonal stimulation by PHA to compare MV-infected andto 5 1 104 cells/well) or irradiated, freshly isolated PBMC
(1 1 105 cells/well), as indicated. Cultures that were as- noninfected PBMC. These studies revealed increased
production of IL-10 and IL-6 in the MV-infected PBMCsayed for proliferation were pulsed with [3H]thymidine
for the final 18 to 24 hr of a 72-hr proliferation assay. (data not shown). However, since PBMC represents a
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FIG. 1. MV infection inhibits mitogen- and antigen-stimulated proliferation. Freshly isolated PBMC or MBP-reactive T cells were infected with MV
at an m.o.i. of 3 as described under Materials and Methods. A second aliquot of each population also was mock infected. After overnight incubation,
1 1 105 viable cells from each portion of PBMC were stimulated by PHA. The MBP-specific T cells (1 1 104) were stimulated using 30 mg/ml MBP
and irradiated PBMC (1 1 105) as antigen presenting cells (APC). Proliferation was measured at 72 hr. The values shown represent the mean of
triplicate microwells.
highly heterogeneous cell population, it was not possible infected cell lines is dramatically reduced in spite of the
level of IL-2 production.to attribute these changes to a specific cell population.
Since this study emphasizes CD4/, antigen-specific T Other lymphokines may also influence the degree of
proliferation of lymphocytes. Thus, we measured the gen-cells, additional experiments were performed using
highly homogeneous, antigen-specific, CD4/ T cell lines. eration of additional lymphokines, including IL-4, IL-6, IL-
10, and IFN-g, comparing MV-infected with noninfectedAs also seen in Fig. 1, the proliferation of antigen-
specific T cells in response to the appropriate antigen lymphocytes. As shown in Fig. 3, for IL-6, IL-10, and IFN-
g, the level of lymphokine produced by activated, anti-was likewise inhibited following MV infection. In the ex-
periment shown, MBP-specific, CD4/ T cells were used. gen-specific T cell lines was not substantially different
when comparing infected and noninfected T cell popula-In data that is not shown, the proliferation of antigen-
specific T cell populations recognizing tetanus toxoid or tions. In these experiments, antigen presentation by an
autologous, B cell line was used. In addition, lymphokinePPD was also inhibited. Identical results were obtained
with cell lines from two additional subjects. Visual obser- generation by nonstimulated T cell populations plus APC
was consistently less than 10% of lymphokine productionvation of the cultures of stimulated, infected T cells re-
vealed consistently fewer lymphoblasts and corrobo- by the noninfected, antigen-stimulated T cells plus APC.
However, as shown in Fig. 4, MV infection of antigen-rated the thymidine incorporation proliferation data.
When viability was monitored with time and m.o.i., there specific T cells resulted in a decrease in the generation
of IL-4 in response to antigen stimulation. This occurredwas a less than twofold decrease in percentage of viable
cells. Thus, at the time of harvest (Day 4) there was not using either irradiated PBMC or B cell lines as the APC.
While IL-4 can contribute to the proliferation of activateda marked decrease in the number of viable cells. This is
shown in Table 1. For the experiments shown above, the T cells, it seemed unlikely that the reduction in IL-4 alone
Edmonston strain of MV was used.
To determine whether the suppressive effect was also
TABLE 1
seen following infection by a wild-type MV, similar experi-
ments were performed using the Chicago 2 strain. In
Daydata that is not shown, the suppressive effect of this
postinfection MOI-5 MOI-3 MOI-1 Uninfected
wild-type strain was greater than the suppressive effect
of the Edmonston strain of MV. 2 54a 63 53 67
3 55 50 48 65Since IL-2 is a critical lymphokine for T lymphocyte
4 44 48 48 75proliferation, we examined the generation of this cytokine
by T cells infected with MV. As shown in Fig. 2, both the
Note. T cells were infected on Day 0 with the MOIs as indicated
time course and the level of IL-2 generation were virtually above. On Day 1 they were washed and irradiated APC were added with
identical between MV-infected and noninfected T cells. antigen. Viability was monitored on Days 2–4 by trypan blue exclusion.
a % viable.However, as seen in Fig. 1, the proliferation of the MV-
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FIG. 2. MV infection does not suppress IL-2 production by antigen-specific T cells. IL-2 production by an antigen-stimulated, MBP-specific T cell
line was assessed by ELISA at the time points shown comparing MV-infected with mock-infected parallel cultures. For these assays, MBP-reactive
T cells were infected at an m.o.i. of 3 as described in Fig. 1. Mock-infected T cells were also studied in parallel assays.
could account for the extensive inhibition of proliferation cells taken from parallel infected and noninfected T cell
cultures. Proliferation assays confirmed the inhibition ofsince the level of IL-2 generation was unchanged be-
tween MV-infected and noninfected T cell populations. proliferation (not shown). T cells were studied 48 hr after
activation using dual staining for CD25 and CD3. AsTherefore we also examined IL-2 receptor expression
on activated, MV-infected T cells compared with parallel shown in Fig. 5, the proportion of T cells expressing
high levels of IL-2Ra following antigen stimulation waspopulations of activated, noninfected T cells. The expres-
sion of the a subunit of the IL-2 receptor (IL-2Ra) was substantially reduced in MV-infected T cells compared to
noninfected T cells. The expression of the IL-2Rb subunitassessed by FACS analysis of CD25 expression by CD3/
FIG. 3. Lymphokine generation by activated, MV-infected T cells. MBP-specific T cells were divided into two portions with one portion infected
with MV as described in Fig. 1. The second portion was mock infected. Both T cell populations were activated with MBP using an irradiated,
autologous B cell line as APC. Supernatants were collected after 24 or 48 hr. IL-6, IFN-g, and IL-10 were measured by ELISA. The values shown
represent the mean of duplicate assays.
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FIG. 4. IL-4 generation by activated, MV-infected T cells is inhibited. MBP-specific T cells were divided into two portions and activated following
MV infection of one population. For this assay, both an irradiated, autologous B cell line and irradiated, freshly isolated PBMC were used as APC.
Supernatants were collected after 48 hr and the IL-4 concentration was determined by ELISA as described. The values shown represent the mean
of duplicate assays.
chain was also examined in these populations. In data duced, the expression of the IL-2Rb subunit was not
that is not shown, there was no significant change in appreciably different between infected and noninfected
expression of the IL-2Rb subunit between infected and T cell populations. Our data are different from those pre-
noninfected, activated T cells. This was repeated with sented by McChesney et al. (1988) where in bulk T cell
similar results. cultures stimulated with mitogen, no differences in IL-
2Ra expression was noted. McChesney et al. (1988)
DISCUSSION demonstrated that T cells could become activated and
were permissive for virus replication even though cells
We have studied the effects of in vitro MV infection on
were blocked in the late G1 phase of cell cycle. Yanagithe cellular proliferation and on cytokine generation by
et al. (1992) found that both IL-2 and IL-2Ra mRNAs wereacutely infected human lymphocytes. These studies con-
not significantly suppressed in MV-infected cells. A po-firm that measles virus infection acutely depresses the
tential explanation for these differences may be that theability of T cells to proliferate in response to mitogen or
T cells used in our studies were already establishedto specific antigen. In these studies, antigen-specific T
lines versus in the previous studies, where fresh bulkcell lines were infected with MV to assess the effect of
PBMC were the source of the T cells.infection of T cells, even though other lymphoid cell types
Since different lymphoid cell types may express themay also be infected. In spite of a very substantial reduc-
MV receptor and thus are susceptible to infection, thetion of proliferation by antigen-specific T cells, there was
effects of measles infection may vary depending on theno reduction in IL-2 generation comparing infected and
functions of the lymphoid subset that is infected. Karp etnoninfected T cells. Cell death appears not to play a
al. (1996) have recently described infection of monocytes/major role. This suggested that the major pathways for
macrophage with disruption of the generation of IL-12.signal transduction via the T cell receptor/MHC complex
While IL-12 production was consistently reduced follow-remain intact. Similarly, IL-6, IL-10, and IFN-g secretion
ing infection and stimulation with LPS and SAC, the gen-were not substantially altered by measles infection of T
eration of IL-6 and TNF-a by macrophage were not signif-cells. While IL-4 secretion was reduced, a more likely
icantly reduced. Since IL-12 plays an important role in thecause for the overall inhibition of proliferation was the
generation of cell-mediated immunity, this effect couldsubstantial reduction in IL-2Ra expression as measured
contribute to the observed suppression of CMI that mayby CD25 expression on the activated T cells. CD25 ex-
be observed following measles infections. The ability ofpression was substantially reduced in experiments ex-
the infected monocytes to support T cell responses wasamining MV-infected T cell populations. Consistent with
not assessed in this report.this finding, addition of exogenous IL-2 did not restore
Because lymphokine generation and receptor expres-proliferation in the inhibited T cell populations (data not
shown). While expression of the IL-2a subunit was re- sion are often part of a coordinate cascade of events in
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of DNA viruses is organized with essential genes placed
near the center of the genome with other genes that
influence virulence near the termini. Some of the viru-
lence genes encode products that modulate the immune
system. For example, the Shope fibroma virus encodes
a protein related to the cellular TNF receptor (Upton et
al., 1991). This binds both TNF-a and TNF-b and appears
to be an important virulence determinant for this virus.
Another example includes the encoding of a type 1 inter-
feron receptor by the vaccinia virus (Symons et al., 1995).
We are not aware of examples of virus-induced immune
suppression by selective downregulation of IL-2Ra ex-
pression. However, Trypanosoma cruzi infection is asso-
ciated with inhibition of expression of all components of
the IL-2 receptor, probably involving inhibition of gene
transcription (Sztein and Kierszenbaum, 1992; Majumder
and Kierszenbaum, 1996). In this instance, the suppres-
sion is mediated by parasite secreted products. We are
currently assessing whether the suppression of prolifera-
tion by measles virus is mediated by measles virus en-
coded products and whether other lymphokine receptors
are also downregulated by measles infection in vitro.
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